This review article aim on effect of light on disease development and management of horticultural crops under protected cultivation. Light is crucial for photosynthesis and plant growth. Living organisms generally harvest the visible electromagnetic spectrum. Light can be used in plant health and quality, the impacts of pests and pathogens can be reduced both as a result of elevated plant resistance and also by direct disruption of pest/pathogen biology. Advances in technology are rapidly exploited by the protected horticulture industry light act us disease development and management. Light affects many aspects of plant biology and many of these responses influence plant resistance to disease. Low red:far-red ratios decrease the production of many secondary metabolites involved in disease resistance. The spores of many plant pathogens are killed by exposure to solar radiation. The different plant species have different light responses, the light responses of different pathogens vary, as do the interactions in different plant/pathogen systems in response to light. Specific wavelengths of light, especially red, blue and green, can induce disease resistance in standing crops against a wide range of phyto pathogens. Spectral quality can have significant effect on plant physiology that could alter plant resistance to microbial challenge. Furthermore, many fungal, bacterial and Viral disease of plants are affected by the spectral quality of the primary light source. Foliar fungal diseases of various crops have been suppressed in green house when UV-A (320-400nm) absorbing viny films were used to cover the structures. The apparent mechanism in disease control was the suppression of spore germination and sporulation of the fungal pathogen caused by extremely low levels of blue or UV-A light. Interestingly, red, blue, and green can induce systemic acquired resistance in various plant species against fungal pathogens. Finally, the light can be useful as a component of an integrated disease management program source in green house conditions. , J.Q. 2010. Light quality affects incidence of powdery mildew, expression of defence-related genes and associated metabolism in cucumber plants.
INTRODUCTION
Light is crucial for photosynthesis and plant growth. The effects of light on plant growth anddevelopmentarecomplex;theentirespectrumoflightisnotbeneficialforplants.Livingorganismsgeneral lyharvestthevisibleelectromagneticspectrum,Apartfromphotosynthesis,lightalsocontrolsfloweringtime andmorphogenesis.Twomajorphotoreceptors-phytochromes(absorbsred/far-red-light)and crypto chromes (absorbsblue/ultravioletA(UV-A) light) are responsible for plant morphological and developmental changes (Quai et.al,1995 and Deng et.al, 1999 ) .Optimal lighting regimes have the potential to increase yields and improve plant quality, nutritional value, and flavor. In addition to enhancement of plant health and quality, the impacts of pests and pathogens can be reduced both as a result of elevated plant resistance and also by direct disruption of pest/pathogen biology (Pearson et al. 2015) . Advances in technology are rapidly exploited by the protected horticulture industry, and have expedited the progression from structures that provide simple frost protection to sophisticated automated plant factories in which all environmental parameters are carefully regulated. Such advances have allowed crops to be produced year-round and can facilitate substantial yield increases.For example, lettuce production in plant factories increased crop yields by up to 100 times per unit area of land compared to conventional outdoor practices (Kozai 2013) . As with glasshouse production in light-limited conditions such as winter monthsinnorthern latitudes, crop production in plant factories requires artificial lighting. In large-scale plant production systems, the efficiency of the lighting system is key to maintaining profitability. The introduction of LED(light-emitting diodes) lighting systems for horticultural use has attracted considerable attention for their potential to reduce electrical energy inputs, making winter crop production more financially viable. Horticultural LED lighting systems exhibit considerable diversity in their design, control systems, and the light spectra produced. LED lighting systems can be highly energy efficient; however, not all LEDs are more energy efficient than standard high-pressure sodium (HPS) lights (Pearson et al. 2015) , and care is needed during design and implementation to ensure that the installed systems meet the needs of the crop production system.
The potential reduction in energy consumption that LED systems can deliver is highly desirable to the horticultural industry. However, the greatest potential of LED lighting systems to alter and improve crop production comes from the tight spectral control that LEDs provide. Light quality influences all aspects of plant biology, and much is known regarding the photo biological processes by which plants sense and respond to the light environment. Manipulation of the light spectrum using LED lighting allows the exploitation of this substantial body of knowledge to achieve improved crop production systems. Optimal lighting regimes have the potential to increase yields and improve plant quality, nutritional value, and flavor. In addition to enhancement of plant health and quality, the impacts of pests and pathogens can be reduced both as a result of elevated plant resistance and also by direct disruption of pest/pathogen biology.
The most appropriate method to control disease is the use of resistance cultivar. However, majority diseases have no resistance cultivar and the manipulation of the greenhouse environment to avoid water dependent pathogen. Use of spectral quality has potential value to control powdery mildew in rose (Suthaparan et al. 2010b ) and cucumber (Schuerger, & Brown.,1997 , Shibuya et al. 2011 , Wang, H. et al. 2010 .Foliar fungal disease of various crops have been suppressed in greenhouse when UV-A(320 to 400nm) absorbing vinyl films were used to cover the structures (Sasaki et al,.1985) .The apparent mechanisms in disease control was suppression of spore germination and sporulation of the fungal pathogen caused by extremely low levels of bule or UV-A light (Honda et al., 1977) . So that the objective to review the effect of light on disease development and management of horticultural crops under protected cultivations
PLANT PATHOGENS AND THEIR INTERACTIONS WITH LIGHT
The interactions between plants and their pathogens are also influenced by the light environment. Light affects many aspects of plant biology and many of these responses influence plant resistance to disease. The red:far-red ratio in particular has been shown to influence the expression of many genes, via the phytochromes, that are involved in disease resistance (Griebel and Zeier 2008) . Low red:far-red ratios decrease the production of many secondary metabolites involved in disease resistance and thus reduce resistance (Ballaré et al. 2012) . Salicylic acid (SA) and jasmonic acid (JA) both play important roles in mediating defenses against pathogens and low red:far-red ratios have been shown to reduce the response of both pathways to disease attack (Daves ,2013). Light will also have direct effects on fungal pathogens as they also possess an arr ay of photoreceptors that modulate their gene expression (Corrochano, 2007) . Fungi have circadian rhythms (Liu and Bell-Pedersen 2006) and certain species sporulate at specific times of day to coincide with events that enable them to infect plants, such as during times when leaves are likely to be wet. Rose powdery mildew (Podosphaerapannosa) was found to release spores during the day and more spores were released with brighter light (Suthaparan et al. 201 0). Light color was also important: compared to white light, more spores were released under blue and far-red light, and fewer spores were released under red light. Both day extension and night break light treatments with red light greatly reduced the release of mildew conidia, and such treatments may be useful in reducing the intensity and spread of mildew in crops. As powdery mildews are obligate pathogens, it is not possible to determine if the effect of the light treatments occurs as a direct effect on the pathogen or as a result of the plant responses. However, red light treatments have also been found to increase occurrence of two diseases in broad bean: Alternariatenuissima and Botrytis cinerea ). Spore germination rates were also affected by light color, with blue light reducing germination by 16 .5% compared to other treatments. The spores of many plant pathogens are killed by exposure to solar radiation (Kanetis et al. 2010) , with the UVB component of solar radiation being the most likely to cause spore death. Models of spore germination could be used to define the best time of day to provide a pulse of UV light that would maximize effectiveness. It may also be possible to use novel light strategies to increase disease control. Blue light inhibits spore germination, so if red light only is provided early in the day, spores will germinate and they can then be more easily killed with a UV pulse before the blue light is again turned on (Lekka et al, 2016). UVC light has also been trialed for the control of plant diseases. For these treatments to be effective, it is important to make sure that treatments are applied when the pathogens are vulnerable. If the UV light is provided before sporulation or after infection then it will be ineffective at providing protection. If applied during the germination of the spores, then UVC can be effective at preventing infection. Designing the light scheme to co-ordinate UVC application with spore release or germination may be an effective method for controlling disease in controlled environment chambers (Shin et al., 2008) . There are, however, health and safety issues regarding the use of UVC light in commercial settings where staff can be exposed.Just as different plant species have different light responses, the light responses of different pathogens vary, as do the interactions in different plant/pathogen systems in response to light. Schuerger and Brown (1997) observed that in tomatoes infected with bacterial wilt (Pseudomonas solanacearum) and cucumber plants infected with powdery mildew (Sphaerothecafuliginea), disease symptoms were at their lowest in plants grown under 100% red light. By contrast, for tomato mosaic virus (ToMV) on pepper plants, disease symptoms were slower to develop and less severe in plants grown in the presence of blue/UVA light. These data indicate that spectral modification could be used as part of an integrated disease management system, with the caveat that care must be paid to the development and achievement of appropriate light treatments (Johkan et al., 2010)
LEDS OFFER DISEASE MANAGEMENT AGAINST CROP LOSS
Post-harvest spoilage of fruits or the protection of standing crops from the pathogen attack remains a challenge for agriculture scientists; nowadays, LEDs have been gaining attention as a handy tool for sustainable agricultural practices. For instance, single-spectral blue LEDs reduce the postharvest decay caused by Penicillium species in citrus fruits, when compared with dark conditions ( Figure 1C ; Table 1 ) (Liao et al, 2013 and Dsouza et.al,2015 ) . Additionally, reduction in the infection of fruits has been observed due to the light-mediated stimulation of lipid signaling and subsequent accumulation of phospholipase A2, ethylene, and octanal (Alferez et.al, 2012) and (Ballester and Lafuente ,2017) . Moreover, blue light can directly suppress the sporulation and germination of fungi (Table 1) . This is reported that lightintensity from 1000 lux to 5000 lux reduces conidial germination of O. neolycopersici. Thesame study also report tomato powdery mildew has optimal development at 25ºC under atlight intensity 3500 lux and more than 90% conidia germinate and can be seen moderatedlobed appressoria (Kashimoto et al. 2003) Various wavelengths have various effects on the germination of conidia (Austin et al. 2011) . It is reported thatconidia germination reduce under red or blue light, while the highest conidial formation asrecorded in full spectrum white light (Purschwitz et al. 2008 ). Severity of powdery mildewwas highest in cucumber plants grown under white light (300-800 nm) compare to red light( Andrew and Brown, 1997) . Reduced severity of cucumberpowdery mildew caused by P. fucusawas also observed under polythene films that block farred and UV light (Elad, 1997) . However, cucumber powdery mildew caused by P. xanthiishowed highest number of powdery mildew under halide lamp, an intermediate number ofcolonies under red light or red to blue whereas lowest number colonies under red light (Schuerger, 1997) . In addition far-red light inducedcucumber powdery mildew while red light reduced conidia formation and release. But it wasobserved that the far red followed by red light can neutralize the effect of red light onconidial release (Suthaparan et.al. 2010b ). Powdery mildew in cucumber caused by P. xanthiiwas low in red, high in red to blue or red to far -red and highest under full spectrum( Christopher , 1997) AS Ganesh, 2013 studied the treatment with night interruptionshowed germination of powdery mildew in both cases but the difference was not significant. So, dark period is necessary factor for the development of powdery mildew. Suthaparan et al. (2010a) also found more conidia production with exposure to darkness. However, the effect of light intensity of germination of powdery mildew is rarely reported. One of studies which report increasing light intensity prevents germination of powdery mildew in light with 1750 lux (Jacob et al. 2008 ). In the same study, the more conidia formation was observed at the 20ºC and 70% RH and higher light intensity at 5150 lux. Further he explains, low light intensity was associated with optimal germination of O. neolycopersici. However, Suthaparan et al. (2012) has reported the reduction rose of powdery by apply of UV -B with 0.1 Wm-2 for 1 hours and null at 0.2 Wm-2 at low intensity. Amsalem et al. (2006) also found in the case of strawberry powdery mildew. Significant lower levels of disease severity are recorded at the highest light intensity of 7000 lux, compared to those at 1200 and 3800 lux, which are very similar and not significant in value One of the studies found that the germination of conidia in tomatopowdery mildew species is higher in dark filterwith comparison to combination of pink and green filter (Elad, Y1997) . . Generally, the defense response against biotrophic and necrotrophic pathogens is mediated by SA and JA, respectively. Different spectra of LEDs can activate different molecular events which can trigger accumulation of defense hormones (i.e., SA and JA). Therefore, a comparative investigation is required to unravel the molecular response in LED-treated plants during biotrophic and necrotrophic pathogen infection
EFFECT OF LIGHT DURATION ON DEVELOPMENT OF DISEASE
Ganesh, 2013 studied growing inoculated and infected tomato plants in growth chambers in 16 hours red (LED)light seems to reduce powdery mildew in inoculated and null in noninoculated plants. This reduction can be seen in all part of the plants in term of multiple level, conidial germination and infection severity. 16 hours HPS light without night interruption significantly has more powdery mildew than 16 hours red (LED). This result suggests that powdery mildew is more sensitive to red light. There is clearly and significance difference of disease severity in the plant grown at 16 hours red (LED) light treatment without night interruption. One of the study conducted by Pettersen et al. (2010) reports that significant increase of rose powdery mildew under lighting 18 hours with 6 hours dark period with compare to continuous with HPS. Cole and Geerligs (1976) study reports that conidia developed faster in light than the dark period and released in the light period in tobacco powdery mildew. This result supported by Ganesh, 2013 of powdery mildew in tomato that HPS light has positive effect in development. It is clearly showed that the day length of 20 to 24 strongly suppressed the powdery mildew development in rose (Suthaparan et al. 2010a ). In the same study, it is also found that the significance reduction of conidia when day length is increased from 18 to 24 hour
Table2. Effect of light quality and duration on disease severity as percentage in leaf area of non-inoculated tomato plants with 16 hours white (w) base light (16h). W (HPS) and R (LED) with 2 hours night-interruption with 25 and 50 µ mol m-2s-1 respectively

Source: Ganesh Kumar Upadhyaya, 2013 Norwegian University of Life Sciences.Avalable on line
The role of light in different stage of the conidia production has varied from species to species (Carver & Carr 1978 ). In the same study, he explain, some grower provides continuous light to increase yield as well as to maintain the heat in greenhouse without night interruption, in such condition they find that fewer mildew in rose plants. The powdery mildew in barely is independent of light can develop continuously in light, dark and shade (Pady et al. 1969 ). However, the conidia formation is totally dependent in light in case of Erysiphe polygon (Pady et al. 1969
SPECTRAL QUALITY AFFECTS DISEASE DEVELOPMENT
Light plays important role on fungal development. It has been found that the powdery mildew on the Strawberry leaves are not affected by light (Peries 1962 ) and another study on powdery mildew has found that powdery mildew grow completely in the darkness. It has been found that conidia formation rose powdery mildew is independent; however, maximum growth occurs during dark periods and maturation and release occurs only in day time (Frinking 1977) . It is reported that the increase in the length of day from to 20-24 by using supplementary light reduces significantly sporulation of p. pannosaand severity of powdery mildew in greenhouse roses (Suthaparan et al. 2010a ). Some growers supply continuous light to cut rose in order to increase yields, but also maintaining minimum heat on greenhouse by the help of heat producing lamp. This help to reduce powdery mildew in rose with comparison to switch off light to make dark condition (Carver & Carr 2008) . UV radiation is known to suppress or kill a variety of fungi. Powdery mildew may be suppressed with relatively short exposure to low intensity UV-B (Ganesh , 2013) . Futther more, soild state diode emitting light of specific and restricted wavelength might be used in lighting arrays that would permit the independent selection of different intensities or red, blue and far-red wavelengths for optimum production of diverse plant species. Plant in CELSS moduels will be colonized by a diversity of microorganisms, some of which may cause plant health problems (Gonzales et.al, 1996) . LED arrays of unique spectral output that might inhibit the development of specific plant disease would be extremely useful in CELSS integrate pest management programs. For example, spectral quality can have significant effect on plant physiology (Smith, 1982 ) that could alter plant resistance to microbial challenge. Furthermore, many fungal (Vakalounkis, 1982), bacterial (Guo et.al. 1983 ) and Viral (Thomas te al.1998) disease of plants are affected by the spectral quality of the primary light source. Foliar fungal diseases of various crops have been suppressed in green house when UV-A (320-400nm) absorbing viny films were used to cover the structures (Honda and Nemoto, 1985) . The apparent mechanism in disease control was the suppression of spore germination and sporulation of the fungal pathogen caused by extermly low levels of blue or UV-A light (Vakalounakis and Christias, 1981)
Figure2. The effect of different combination of HPS and red (LED) light on germination, infection and development of success colony of o. neolycopersiciat three days after inoculation
6.1.Inoculated Plants
As research done by Andrew, 1997 disease in the Tomato Mosaic Viruses (TOMV) pepper pathosystem was characterized by systemic mottling, leaf chlorosis, petiole and stem necrosis, and plant wilt. Disease systemwere most severe on inoculated plants grown under the 660 or 660/735 LEDS array (Table2). Disease system were lowest for inoculated plants grown under the MH lamp. However, leaf chlorosis and system mottling caused by TOMV were first observed between 4 and 5 days on all incoculated plant grown under the LED arrays or MH lamp. As research done by (Anderw, 1997) fresh mass of inoculated plant grown under the 660/BF light source was significantly lower than for the MH grown plant and significantly higher than for the 660 or the 660/735 grown plant. However, when disease severity was calculated as the percentage of reduction in plant fresh mass of inoculated compared to non inoculated plants,MH and 660BF grown plant were similar (Deng, 1999) .All pepper plants inoculated with TOMV and grown under the 660 or 660/735 LED arrays wilted between 6 and 7 day after plantation. Plant wilt in pepper grown under the 660 or the 660/735 LED arrays was associated with a severe and rapid collapse of the main stem between second and forth internodes (Griebel and Zeier, 2008) Foliar colonies of S.fuliginea on cucumber under all light sources were firist 7 days after inoculation (Islam et al., 2002) . The distribution of powdery mildew colonies on inoculated leaves was generally random and there was no indication that distance from light source or plant canopy structure had any effects on colony count or diameter. 
SUMMERY
The ultimate goal of crop production is to obtain better nutritional quality along with high yield.
Because of environmental constraints and a reduction in the availability of cultivated lands, there is an urgent need to develop indoor cultivation systems in order to obtain yield parameters that are similar to or higher than outdoor cultivation systems. For this purpose light -induced plant disease resistance could suggest new approaches towards minimizing the use of chemicals for crop protection. Advances in technology are rapidly exploited by the protected horticulture industry light act us disease development and management. Light affects many aspects of plant biology and many of these responses influence plant resistance to disease. Low red: far-red ratios decrease the production of many secondary metabolites involved in disease resistance. The spores of many plant pathogens are killed by exposure to solar radiation. The different plant species have different light responses; the light responses of different pathogens vary, as do the interactions in different plant/pathogen systems in response to light. Specific wavelengths of light, especially red, blue and green can induce disease resistance in standing crops against a wide range of phyto pathogens. Spectral quality can have significant effect on plant physiology that could alter plant resistance to microbial challenge. Furthermore, many fungal, bacterial and viral diseases of plants are affected by the spectral quality of the primary light source. Foliar fungal diseases of various crops have been suppressed in green house when UV-A (320-400nm) absorbing viny films were used to cover the structures. The apparent mechanism in disease control was the suppression of spore germination and sporulation of the fungal pathogen caused by extremely low levels of blue or UV-A light. Interestingly, red, blue, and green can induce systemic acquired resistance in various plant species against fungal pathogens under green house condition. One of the major limitations of this technology, for its effective use under in vitro conditions, lies in its low penetrance. Additionally, optimal spectral conditions are not precisely known for number of crops. But, finally we can summarized the light can be useful as a component of an integrated disease management program source in green house conditions.
